In previous publications Arpai (1957) and Arpai and Valentin (1957) described the production of ultraviolet-induced mutants of Aspergillus terreus, using nondifferentiated spore material and conidia differentiated by sedimentation rate. A limited number of the irradiated strains were morphologically altered and produced more itaconic acid than did the parent strain. The products of these strains and mutants have been studied with the view to determining the pathways of biosynthesis of unsaturated acids (Arpai and Valentin, 1957) which were recognized by the metabolic patterns of the mutants.
Only one acid (itatartaric acid) related to itaconic acid has been found to be produced exclusively by ultraviolet-induced mutants (Stodola et al., 1945) . The biosynthesis of itatartaric acid probably proceeds by enzymatic oxidation. Direct evidence for this was obtained by using fungal itaconic oxidase in the metabolic patterns of the itatartaric acid producing mutants (Arpai, 1958a (Arpai, , 1959 . Some properties of the itaconic oxidase have been described (Arpai, 1958b (Arpai 1957 (Arpai , 1959 .
The irradiation techniques for production of the mutations, using the fraction of spore suspension with the highest sedimentation rate and the single-spore isolations of survivors, are also described in the studies cited.
Morphological analysis. The growth and cultural characteristics of the single-spore colonies of the parent strain as well as the survivors were followed on standard Czapek-solution agar. The microscopical analysis was performed using the usual techniques on native and strained preparations. The dimensions were determined micrometrically.
Investigation of the metabolites. The production of itaconic and itatartaric acids was established in the fermentation liquors of surface cultures. Each culture was used in five parallel experiments. Itaconic acid was established qualitatively, using the modified procedure developed by Halliwell (1952) . The standard itaconic acid used was obtained from the firm Lachema, Brno. The itaconic acid produced was determined quantitatively by the method of Friedkin (1945) . To determine itatartaric acid, a standard with a melting point of 103 C was prepared using lowtemperature oxidation of itaconic acid as described in detail by Arpai (1958a) .
Enzyme preparation. Cell-free extracts were obtained from the mycelial pads of surface cultures of the organisms. Details of this operation have been described (Arpai, 1958b) . Dependence of the enzyme activity on the hydrogen ion concentration (pH) of the environment was followed in buffers at pH 2. 7, 3.2, 4.16, 4.8, 5.5, 6.2, and 6.9 .
Respiratory studies. Measurement of the oxidation reaction of itaconic acid in itatartaric acid was made manometrically by standard Warburg techniques in air at 37 C. The details of the manometric methods have been given in previous publications (Arpai and Valentin, 1957; Arpai, 1958a) .
RESULTS
The morphological analysis has revealed that the characteristics of the mutant differs markedly from the parent strain in the appearence of the colony and in structural details. Colonies of the mutant (figure 2) are spreading, thin, and light tan in color; they consist almost exclusively of coarse, thick walled, submerged hyphae. Conidial heads are produced sparingly and are small and atypical in pattern. Conidiophores may fail to develop vesicles. Heads are [VOL. 78 Figure 2. Mutant strain of Aspergillus terreus more loosely columnar than compact and comparatively short. Sterigmata are normal in size, shape, and arrangement, but conidium formation is incomplete and individual spores are not properly differentiated and form chains. Septation in the chain is incomplete and individual conidia appear somewhat vacuolate. This mutant is stable in culture.
The biochemical analysis showed metabolical differences between che two cultures. Fermentation tests established that the parent strain belongs to the medial active itaconic-acid producers and, under standard fermentation conditions, gives yields of this acid of 37.5 per cent after 8 days, based on glucose consumed. The total acidity of the fermented liquor under these conditions reached a value of about 500 ml of 0.1 N alkali per 10 g of consumed glucose, whereas the acidity corresponding to the itaconic acid quantity produced in the substrate amounted to a value of about 470 ml of 0.1 N alkali. Hence it follows that the parent strain produced, almost exclusively, itaconic acid. Itatartaric acid could not be determined among the acid-forming components present in the fermentation liquor.
The mutant produced maximum itaconic acid in 6-day cultures, when the production, in a typical case, reached about 9.5 per cent, based on the glucose consumed. In the course of the following days of cultivation, a decrease of itaconic acid content in the substrate took place, cent after 10 days. The total acidity, however, further increased and reached a value of 410 ml of 0.1 N alkali in this interval. Simultaneously, the occurrence of saturated acids including itatartaric acid could be detected in quantities ranging from 5 to 7 per cent of the base mentioned. In the further course of fermentation, a rise of the itaconic acid concentration in the medium was observed, as can be seen from the graph of a typical experiment (figure 3). This graph compares the course of the fermentation of itaconic acid production, of the total acidity, and the pH values for the parent strain and the mutant.
Essential changes were detected not only in the biochemistry of the fermenting cultures, but also in the activity of the cell-free extracts prepared from the parent strain and the mutant. The ability of cell-free extracts prepared from the mycelial pads of the mutant to oxidize itaconic acid is shown in the typical results of the manometric studies (figure 4). The rate of oxygen uptake by the enzyme obtained from the mutant was 32 ,iL per hr per mg, at pH 4.2. However, the oxygen uptake by the enzyme from the parent strain was only about 5 ,uL per hr per mg and was not significantly greater than the endogenous respiration. An inspection of the results suggests interesting relationships between pH and endogenous respiration and oxidation activity. The enzyme obtained from the mutant was most active within the range pH 4.2, forming approximately stoichiometric amounts of itatartaric acid. The activityof the itaconic oxidase decreased with a further decrease of pH, so that oxygen uptake at a pH of 2.7 was similar to values for the endogenous respiration (figure 5). On the other hand, the cell-free extracts prepared from the nonirradiated parent strain did not adapt to the 
SUMMARY
Where comparing the morphological characteristics and the prevailing fermentative abilities of Aspergillus terreus, a mutant was detected. This mutant was specifically distinguished by the fact that it produced itatartaric acid. A soluble cell-free enzymatic extract can be prepared from the mycelium which will oxidize itaconic acid to itatartaric acid. Similar enzymatic activity does not occur in extracts prepared from the mycelial pad of the parent strain. The difference between the irradiated and nonexposed cultures is evaluated as a genetic change in the biochemical hereditary character of the fungus. The occurrence of a mixture of itaconic acid and itatartaric acid in the fermented medium can be explained by the fact that the activity of the enzymatic system producing itatartaric acid appears only in a certain phase of the fermentation, and is evidently limited by the pH of the medium. The partial conversion of itaconic acid in the fermentation liquor is determined by the kinetics of excretion of the itaconic oxidase. A further decrease of pH in the medium inhibits activity of itaconic oxidase, and brings about additional production of itaconic acid.
